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Claims 

What is claimed is: 

[cl] A manufacturing method of an optical device, comprising: 

coating a substrate with a resin thin film made of a photosensitive resin; 

controlling a temperature of the resin thin film to a temperature that is lower than the 

photosensitivity extinction temperature, so as to soften or melt the resin thin film; and 

pressing a die having an inverted micro-asperity pattern against the resin thin film 

in a state that the resin thin film has been softened or melted, 

whereby a micro-asperity pattern is formed on a surface of the resin thin film. 



0 [c2] The manufacturing method according to claim 1, wherein the die pressing step is 
'£) repeated a plurality of times on the resin thin film. 



[c3] The manufacturing method according to claim 1, further comprising making 
adjustments by causing a relative movement between the substrate and the die so 
that a substrate-side alignment mark provided on the substrate coincides with a 
0 reference position on the die side. 



fy [c4] The manufacturing method according to claim 1, wherein the micro-asperity 
pattern is formed on the surface of the resin thin film in an inert gas atmosphere. 

[c5] The manufacturing method according to claim 1, wherein the micro-asperity 
pattern is formed on the surface of the resin thin film in a low-pressure atmosphere 
that is lower than atmospheric pressure. 

[c6] The manufacturing method according to claim 1, wherein the resin thin film 
comprises polyimide or acrylic resin. 

[c7] A manufacturing apparatus of a optical device, comprising: 
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a transfer stage disposed under a die having an inverted micro-asperity pattern, 
for holding a substrate that is coated with a resin thin film; 

a transfer stage transfer direction moving mechanism for reciprocating the 
transfer stage between an initial position and a movement end position where a 
movement that starts from the initial position ends; and 

a pressurizing mechanism for pressing the die against the resin thin film at a 
prescribed position, 

wherein a micro-asperity pattern is formed on a surface of the resin thin film by 
pressing the die against the resin thin film with the pressurizing mechanism. 

[c8] A manufacturing apparatus of an optical device, comprising: 

a transfer stage disposed under a die having an inverted micro-asperity pattern, 
for holding a substrate that is coated with a resin thin film; 

a pressurizing mechanism for pressing the die against the resin thin film at a 
prescribed position; and 

a pressurizing mechanism transfer direction moving mechanism for reciprocating 
the pressurizing mechanism between an initial position and a movement end position 
where a movement that starts from the initial position ends, 

wherein a micro-asperity pattern is formed on a surface of the resin thin film by 
pressing the die against the resin thin film with the pressurizing mechanism. 

[c9] The manufacturing apparatus according to claim 7, wherein the apparatus is 
configured in such a manner that the substrate is disposed under the die so as to be 
able to move in an X-direction and a Y-direction and rotate about a Z-axis that 
points to the die, whereby a position of the substrate can be adjusted with respect 
to the die. 

[clO] The manufacturing apparatus according to claim 8, wherein the apparatus is 
configured in such a manner that the substrate is disposed under the die so as to be 
able to move in an X-direction and a Y-direction and rotate about a Z-axis that 
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points to the die, whereby a position of the substrate can be adjusted with respect 
to the die. 

[ell] The manufacturing apparatus according to claim 7, wherein the die has a 
cylindrical shape in which an outer circumferential surface is formed with the 
inverted micro-asperity pattern, and wherein the micro-asperity pattern is formed 
on the surface of the resin thin film as the die rolls on the surface of the resin thin 
film while being pressed against the resin thin film. 

[cl2] The manufacturing apparatus according to claim 8, wherein the die has a 
cylindrical shape in which an outer circumferential surface is formed with the 
inverted micro-asperity pattern, and wherein the micro-asperity pattern is formed 
on the surface of the resin thin film as the die rolls on the surface of the resin thin 
film while being pressed against the resin thin film. 

[cl3] The manufacturing apparatus according to claim 7, further comprising a transfer 
stage crossing direction moving mechanism for moving the transfer stage in a 
crossing direction that crosses a micro-asperity pattern transfer direction, whereby 
a relative movement can be caused between the resin thin film and the die in both 
the micro-asperity pattern transfer direction and the crossing direction. 

[cl4] The manufacturing apparatus according to claim 8, further comprising a transfer 
stage crossing direction moving mechanism for moving the transfer stage in a 
crossing direction that crosses a micro-asperity pattern transfer direction, whereby 
a relative movement can be caused between the resin thin film and the die in both 
the micro-asperity pattern transfer direction and the crossing direction. 

[cl5] The manufacturing apparatus according to claim 7, wherein the die comprises a 
stamper to be pressed against the resin thin film to form the micro-asperity pattern 
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on the surface thereof, a base for holding the stamper, and an elastic member 
interposed between the stamper and the base. 

[cl6] The manufacturing apparatus according to claim 8, wherein the die comprises a 
stamper to be pressed against the resin thin film to form the micro-asperity pattern 
on the surface thereof, a base for holding the stamper, and an elastic member 
interposed between the stamper and the base. 

The manufacturing apparatus according to claim 7, wherein the die comprises a 
stamper to be pressed against the resin thin film to form the micro-asperity pattern 
on the surface thereof, a roll body for holding the stamper rotatably, and an elastic 
member interposed between the stamper and the roll body. 

The manufacturing apparatus according to claim 8, wherein the die comprises a 
stamper to be pressed against the resin thin film to form the micro-asperity pattern 
on the surface thereof, a roll body for holding the stamper rotatably, and an elastic 
member interposed between the stamper and the roll body. 

The manufacturing apparatus according to claim 7, further comprising heating 
means for heating the die and the transfer stage, and a temperature controller for 
controlling the heating means. 

[c20] The manufacturing apparatus according to claim 8, further comprising heating 
means for heating the die and the transfer stage, and a temperature controller for 
controlling the heating means. 

[c21] The manufacturing apparatus according to claim 7, wherein the pressurizing 
mechanism has at least one alignment mark observation optical device so that at 
least one alignment mark provided on the substrate can be recognized visually. 



[cl7] 
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[c22] The manufacturing apparatus according to claim 8, wherein the pressurizing 
mechanism has at least one alignment mark observation optical device so that at 
least one alignment mark provided on the substrate can be recognized visually. 

[c23] The manufacturing apparatus according to claim 7, wherein at least one alignment 
mark observation optical device is disposed under the substrate so that at least one 
pair of a first alignment mark provided on the substrate and a second alignment 
mark provided on the die can be recognized visually. 

[c24] The manufacturing apparatus according to claim 8, wherein at least one alignment 
mark observation optical device is disposed under the substrate so that at least one 
pair of a first alignment mark provided on the substrate and a second alignment 
mark provided on the die can be recognized visually. 

[c25] A manufacturing apparatus of an optical device, comprising: 

a transfer stage for holding a substrate that is coated with a resin thin film; 

a pressuring mechanism for pressing a die having an inverted micro-asperity 
pattern against the resin thin film at a prescribed position; 

a moving mechanism for moving one of the transfer stage and the die while the 
die is pressed against the resin thin film; and 

an airtight chamber having an exhaust mechanism, the airtight chamber 
accommodating the transfer stage, the die, the pressurizing mechanism, and the moving 
mechanism, 

wherein the exhaust mechanism exhausts a gas from the airtight chamber prior to 
an operation that a micro-asperity pattern is formed on a surface of the resin thin film by 
pressing the die against the resin thin film. 

[c26] A manufacturing method of an optical device, comprising the steps of: 
coating a substrate with a photosensitive resin thin film; 
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controlling a temperature of the resin thin film to a temperature that is lower than 
the photosensitivity extinction temperature of the resin thin film, so as to 
soften or melt the resin thin film; 

pressing a die having an inverted micro-asperity pattern against the resin thin film 
when the resin thin film is in a softened or melted state, whereby the micro-asperity 
pattern is formed on a surface of the resin thin film; 

forming a through-hole leading from the surface of the micro-asperity pattern to 
the surface of the substrate by photolithography; and 

sintering the resin thin film at a temperature that is higher than the photosensitivity 
extinction temperature of the resin thin film. 

[c27] A manufacturing method of a reflection plate, comprising the steps of: 

coating a substrate on which thin-film liquid crystal driving elements or wiring 

contacts are formed with a photosensitive resin thin film; 

controlling a temperature of the resin thin film to a temperature that is lower than 

the photosensitivity extinction temperature of the resin thin film, so as to soften or melt 

the resin thin film; 

pressing a die having an inverted micro-asperity pattern against the resin thin film 
when the resin thin film is in a softened or melted state, whereby the micro-asperity 
pattern is formed on a surface of the resin thin film; 

forming a through-hole leading from the surface of the micro-asperity pattern to 
the thin-film liquid crystal driving elements or wiring contacts by photolithography; 

forming a reflection film on the inner surface of the through-hole and the surface 
of the micro-asperity pattern; and 

sintering the resin thin film at a temperature that is higher than the 
photosensitivity extinction temperature of the resin thin film. 
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